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Studies on the x-ray videodensitometry

I. System design and configuration

Yoshio Suda

Division of Clinical Research, National Institute of Radiological Sciences, Chiba Japan

Research Code No.: 208
Key Words:  X-TV, Videodensitometry, Dynamic image
frocessing

The technique known as an X-ray fluorodensitometry has been used to investigate cardiac and
pulmonaly functions. Recently X-ray television has been more and more employed for dynamic image
study of human organs. The videodensitometry technique has a large flexibility in the measurement and
analysis of static and dynamic TV images, and could be widely used for the clinical examinations.

This paper describes:

1) Videodensitometry system developed by the authors.

2) Basic circuit configuration of area integrator of video images which is designed for the purpose
of I/O device of a computer, with special consideration paid for the reduction of sample points.

A special feature of this area integration circuit configuration is the two step integration process. As
a first step horizontal segments of interesting area are integrated one by one and each integrated outputs
are sampled and holded during next one complete horizontal sweep period. Second integrator integrates
these holded outputs from the first line to the last line of sampling area. The output of the second in-
tegrator gives the sequential value of densitometory.

3) Circuit of video area integrator which was designed and constructed by the assenbly of commer-
cially available electrical parts.

4) Detectability of X-ray videodensitometry systems for dynamic signals from various parts of
human organs. Respiratory functions, passage of meals through esophagus and vascular pulsation in
the chest region could be detected successfully and quantitatively. Pulsation signals from head or brain
was too low to be directly detected by the present system. However even this kind of minute movement
could be detected by the use of some kind of noise suppression device, bandpass filters, signal averaging

technique and others.
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Fig. 1. Video densitometer block diagram
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Fig. 2. monitor display of right breast TV image
showing one square integral area in the right
lower portion of image and ECG terminal in the
center of the image used for averaging trigger
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Fig. 3. Video area

integrator timing diagram

a, INT-1 out  b. Horizontal drive signal (HD) c. INT-1 Window  d. SHI out
e. SH1 out sampled by HD  f. 1H generator out  g. INT-T Window (1H gene-
rator out sampled by HD)  h. INT-J cut
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Fig. 4, Area integrator circuit diagram

al, ad; 120A (Analog Dev)
a7 3507] (Burr Brown)
al0, 4035/15 (Burr Brown)

a2, a3; DGIBIA (Siliconix)
€8, 9859/15 (Burr Brown)

ad, ad; SHA-1A (Analog Dev)
a¥, 4013/25 (Burr Brown) )
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Fig. 5. Thickness of Mix D phantom and logari-
thmic output of integrators sampled by two size
of windows
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Table 1 Thickness of phantom and Signal noise ratio in the X-ray videodensitometry
Analysis time; 5 sec, X-ray; 70 KVp, ImA
Sampled width; 1usec from each horizontal segment

Number of segments; 1 or 7
SN = —20 Iog -Noise (p—p)

Signal (p—p)
MiXD 11.9en MiXD 14.9¢m MiXD 20.5¢m
Signal Signal i Signal Step Pattern X-TV
4] SN QD] \:V) Generator | noise (mv)
Noise Noise Noise N SN Noise when
(mv) \ (mv) (mv) “ (mv) K-ray off
< 14.53 5.72 B 2.22
7 Segments area “ggjfmhmhﬁh 13.9 | 15 3.1 | g 522 | 36.2 6.3 16.2
Q . 1.98 1.18 i 0.47
I Segment area | o1 33,1 | 304 | o524 264 25 9.9
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SNk % BEL db THEHTE Y, viY/p
sec 2 1 A4, AR 5 sec o lif Mix D 11.9¢nm,
14.9cm, 20.5cm @ ¥ L, 33.1, 30.4, 26.4 db
Thh v vy lpgsee EXTHEOBESEA
43.9, 38.1, 36.2 db TH i RIAT A L1
L B INECFERR L RS (Tablel ).

5. AKBREESO LU~V

5—1. HAEDY AT A THIETRERBIER 5
DUSAFROBHCERIRZ A5 ABEOR
2L I DHEET OV <A RS N
Ntz AtkogE AR &3 5 EREE B L«
DGR, FHANGESED B OFEFNRAT S0
THEHBEBRN T — 255 S N IETE . f
O THHBAL D B D JE ST M i Mix D B¢
D/ A X% HEET 5 WfEES © peak to peak
BEAE & bl Ui . > T&(li Mix D 23 5
S NAER U S WA BIEE 5 0 S E kit
BR—ABEV AL OBER db kDX HRE
EFEHDSNILEZIEhb (Table2).

Table 2 Ratio of dynamic signal to body

back level

base | dymamic [ 10

level |signal (V) |20 Icrg_dYT
‘ ™ | G- signal
gsophagus 5.0 | 1.65 9.6
breath 3.1 2.4 10.6
pulsationat | 5 | 99 26.3
P ioerals | 8.0 | 0.08¢ | 39.5
neck 18.5 0.056 50.3
head 1.1 — 64.2(*%)

(*) estimated value

(BL, BT mRC N LTs50D1 L
ELTHHELTHS.

THeE 520 D H X5 HERIR O E2 T H 2
THHN EWREESHDOBEL db (2 AHE Y
v ASEEI T LC 9.6 db, 1E510.6 db JRiECLE
ByiR=526.3 db, filZ#39.5 db, F#50.3 db T
Hole. FEOTHENERES S N & LTt Table2
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Fig. 6. Bandpass filtrated videodensity curve of
the lung. The same curve is filtered by various
bandwith. Bandpass widths of the curve a; 1-3 Hz
b; 0.6-3 Hz c; 0.6-6 Hz d; 0.6-10 Hz
The lower two curves d and e are recorded in
the same conditions. They shows reproductivity
of the videodensity curve extracted from recor-
ding. The lowest pulsed markers show ECG R-
peaks.
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6—1. AV v AFEhE (Fig.7)
SYIEEE D DB D HE U fe Al — 0 iR © i
Vo4 YV FUKFE—A, THIREY 4 v Fy 7ffL

i R N B x
L ! e e BT a L | et = T

Fig. 7. Passage curves of barium meals through
the esophagus recorded from the same recording
in VIR. The integral area of the upper curve
is fifth times greater than that of the lower
curve. The upper is smoother than the lower due
to noise suppressing effect of the area integrating
method.

Lcb O TTAHD S NI hTW5. i
FRICE L2 T 5 BB D X b &\ R AR
Thsb.

6—2. JREE

Fig.8, Fig. 9 iRz RT. “hbd
X E C GO REX FHHES A FEnE% 3 [al
BLTHD., HIR7 4 2 —%FLT5.

AREZRA AT RN H5E W78
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Fig. 8. Density curve at the center of left lung
field. The lower curve is ECG R-wave trigger
signals for signal averaging recorded simultaneo-
usly in VIR. The density curve is averaged three
times.

Fig. 9. Density curve in left ventricular portion
of the heart. The recording conditions are the
same with Fig. 8.
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